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FORT EUSTIS. VIRGINIA 23804

A requirement to determine analytically the acceleration-
time relationships for the cargo compartments of CV-2
and CV-7 aircraft, when subjected to various crash
conditions, and to determine the effect of these rela-
tionships on a load-limited restraint system provides

the basis for this report. The techniques -used in this
report represent a logical extension of previous, similar
programs; in the absence of test-crash data, the results
contained herein may be used with a high degree of
confidence.

The excessive load-limiter displacements (2 to 16 feet)
indicated for certain crash conditions considered in
this report are judged to be operationally unacceptable
by this activity. However, the load-limiter concept
represents a significant safety and opevational improve-
ment over the conventional restraint devices for most of
the crash conditions considered. This activity suggests
that & trade-off study be conducted to determine the
maximum safety that can be achieved by load-limited
restraints commensurate with acceptable operational
factors.

Since the Army no longer has operational responsibility
for the CV-2 and the CV-7 aircraft, this activity has
not planned further effort in the area of this report.
However, results of this contract will be forwarded to
the appropriate Air Force agency for considerationm,
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SUMMARY

This report presents the findings of an investigation into the crash
pulse of fixed-wing cargo aircraft and the resulting behavior of
cargo restrained by load limiters,

A crash pulse simulator computer program was developed that ob-
tains acceleration-time histories at selected stations in the cargo
compartment and under various crash conditions. This simulator
was employed to obtain crash pulses for a wide range of input
parameters, both for the CV-2 and the CV-7 Army aircraft, The
resulting acceleration pulses were studied to determine a suitable
spectrum of realistic pulses.

The crash pulse program was subsequently modified to include a
routine that would simulate cargo dynamic behavior during the
crash sequence, employing the floor acceleration data as it is
developed. This latter program was applied to CV-2 and CV-7
aircraft, under significant crash conditions, to obtain the dynamic
response of cargo to the crash pulse, [
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SYMBOLS
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Figure 1, Sketch Illustrating Symbols.

2
Longitudinal acceleration of cargo (ft/sec )

Longitudinal and normal agcelerations respectively of cargo
compartment floor (ft/sec )

Rigid b%dy acceleration components (transverse and longitudin-
al) at ith gtation (ft/sec )

Relative cargo acceleration (ft/secz)
. 2
station (ft/sec )

Total longitudinal acceleration at ith

Contribution to acceleration due to transverse vibration at ith
station (ft/sec?)

Coefficients in polynominal expressions for functions of the
angle ¢
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Symbol for algebraic expression
Longitudinal component of ground reaction (1b)

Soil parameters

Algebraic expressions involving coordinates of points (ft)

Symbol for algebraic expression
Flexural rigidity of fuselage (lb-ftz)
Coefficient of friction between airciaft and ground

Coefficient of friction between cargo and cargc compartment
floor

Normal and tangential components of ground reaction force (1b)

Components of FN (1b)

Components of FT (1b)

Forward load-limiter iimit acceleration (ft/secz)
Symbol for algebraic expression

Algebraic expressions
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Symbols for unit of acceleration equivalent to 32, 2 feet per
second per second

Symbol for expression,function of time )

Input parameters expressed as’ functions of the angle ¢

Mass moment of inertia of aircraft (slug ftz)

Mass moment of inertia of forward and of aft sections of
aircraft ‘ '

Reduction factor
Structural parameter

Length of fuselage (ft)

Maas of aircraft (slugs) . .

Mass of for;wara and of rear sections of aircraft (slugs)

Generalized masses (for i.a'grange's equations) (slugs)
Computed fusélage bending moment (ft-1b)

Yield hinge moment (ft-1b)

Transverse c?omponent of soil reaction force (1b)
Generalized coordinates (for L;éiange's equations) (ft)
Generalized forces (for Lagrange's equations) (1b)
Magnitude of space vector (ft)

Rear lo;d limiter limit acceleration (ft/secz)

Distance from nose as an indepentent variable (ft).

th
Distance from nose toi statipn (ft)
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Distance from nose to center of gravity (ft)

Distance from nose to center of gravity of forward and rear
sections (ft)

Distance from nose to Jth station (ft)
Scoop factor

Time (sec)

Relative cargo velocity (ft/sec)

Coordinates of aircraft center of gravity from x, y axis system
(ft)

Conrdinates of aircraft center of gravity from original point
of contact (ft)

Coordinates of centers of gravity of forward and rear sections,
respectively (ft)

Coordinates of yield hinge (ft)

Interference of aircraft original contour with soil (ft)
Actual penetration of ground by aircraft (ft)

Time derivatives of quantities X, Y, Z,,,

Second time derivatives of quantities X, Y...
Damping coefficient for longitudinal vibration

Angle of impact of aircraft (rad)

Attitude angle for forward and rear sections of aircraft, ree<
spectively (rad)

Time increment (sec)

Change in quantity () during time incrementat

ix




Mass of ith discrete segment of fuselage (slugs)

i

v Mass per unit length of fuselage (slugs/ft)

¢ 1°°° .4 Normal mode shapes for free vibrations

Wpeee Natural angular frequencies (rad/sec)

® 1 ;,4 Resonant frequencies with damping (rad/sec)

SUBSCRIPTS

| Associated with i‘:h station or fuselage segment

n Associated with nth generalized coordinate in Lagrange's
equations

F Associated with forward section of aircraft

R Associated with rear section of aircraft

H Associated with yield hinge

J Associated with Jth station



INTRODUCTION

This report represents a continutation of the analytical investigation of
acceleration-time pulses for the CV-2 and CV-7 aircraft as described
in USAAVLABS Technical Report 65-30, '"Cargo Restraint Systems for
Crash Resistance'", The crash impact parameters and limits thereof
used in this program were felt to represent the conditions most likely
to be encountered in an accident for the aircraft involved, In addition,
it was felt that all of these conditions represented a survivable accident,
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CRASH PULSE SIMULATOR

DESCRIPTION

The computer program to simulate dynamic behavior of a fixed-wing air-
craft accepts as input (1) accident configuration variables, (2) structural
data for the specific aircraft, and (3) soil behavior parameters, The ac-
cident configuration variables consist of velocity, sink rate, impact angle,
and angular velocity (if present), The structural input data include flex-
ural and axial stiffness properties, mass distribution data, buckling,

yield and failure criteria, and various geometric data, The soil reaction
parameters relate the interaction forces between aircraft and ground to
the depth of penetration, the rate of penetration, and the horizontal
velocity,

The simulator output is in the form of computer-plotted acceleration-
time curves for three stations in the cargo compartment, Additionally,
the simulator displays the maximum plowing depth, the groove length,
the maximum values of generalized coordinates for vibration modes ex-
cited by crash forces, the maximum stresses in the fuselage, and the
kinematic data at the completion of rebound (or slide-out),

ANALYTICAL BASIS

The simulator operates in either of two general modes: the elastic mode
or the plastic-hinge mode,

The elastic mode is assumed if fuselage (longitudinal) stresses are below
buckling or plastic limits, In this mode the dynamic behavior of the air-
craft is divided into two parts: First, the rigid body behavior is obtained
from the soil-structure interaction forces and rigid body equations of
motion, Second, the vibration modes excited both by the soil reaction
forces and by the rigid body motion inertial forces are evaluated.

The vibration amplitudes are found by means of a normal mode analysis
in which the first and second transverse and the first and second longi-
tudinal modes of fuselage vibration are considered. The amplitudes of
these four vibrational modes are taken as generalized coordinates in
Lagrange's equations of motion for the aircraft, For the assumption that
the damping coefficient is proportional to mass distribution along the
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fuselage (an assumption which introduces little error), the Lagrange's
equations reduce to a set of independent one-degree-of-freedom equations:

e . 2 Q
e
™ +8qn t9a%h T m
n
where
qn. qn, qn = generalized coordinates ané time derivatives
8 = damping coefficient
W, = natural angular frequency
Qn = generalized force
m = generalized mass
L
Qb - _[ plx, ) dp(x)dx + £ P(t)4 (x)

L

2
. [uon dx

A solution satisfying initial conditions is found in the convolution integral:

3
"

L
1 , -
qn(X.t) = EF-; .[Qn(T Yexp [-%(t-’!‘ )] smwn(t-T )ydr

which is evaluated numerically in the simulator program (reference Ap-
pendix I). With the generalized coordinates evaluated, the vibrational kin-
ematics are determined and may be superimposed on the rigid body kin-
ematics to obtain resultant accelerations, The maximum bending stresses
are determined from the bending moments associated with the transverse
vibrational modes of the fuselage,

The plastic-hinge mode of aircraft behavior is followed by the simulator,

if at some fuselage station the effective buckling or the yield stress has

been exceeded (when operating in the elastic mode), In the plastic-hinge

mode, the aircraft is treated as two rigid bodies joined by a plastic "yield 1
hinge'" which may transmit hinge reactions as well as a plastic-hinge bend-

ing moment. In this mode, elastic vibrations are ignored, as they are con-
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sidered to be negligible when compared with the large plastic deformations,
Again, the equations of motion are solved by numerical integration,

The simulation is terminated by any of the following conditions:

lo

2-

30

4.

The rebound has been completed; that is, the soil penetration
has returned to zero.

The horizontal component of velocity has been reduced to zero.

The deflection angle at the plastic hinge has reached a critical
value, implying a fuselage break.

The aircraft rotates outside a specified angular limit (imply-
ing an overturning).

A flow chart and an outline cf computational operations of the simulator
program are provided in Appendix I,



DEVELOPMENT OF INPUT DATA

The input data for crash simulation of the CV-2 and CV-7 Army aircraft
are divided into three categories: accident configuration variables,
structural data, and soil reaction parameters. An example of input data
for a simulation run as developed for the CV-7 aircraft appears in Ap-
pendix IV,

ACCIDENT CONFIGURATION DATA

The accident configuration variables used were those specified in the
contract statement of work.

STRUCTURAL DATA

The mass distribution data have been obtained from weight analyses made
by the manufacturer. These data were adjusted in accordance with var-
ious cargo and fuel level conditions for several simulator runs.

The structural stiffness data may be conveniently separated into two
groups: that which deals with the vibrational behavior of the aircraft,
‘and that which relates imposed forces to structural deformation.

Consider, first, the vibrational behavior. The mode shapes and natural
frequencies (for both longitudinal and transverse vibrations) have been
obtained by means of a separate computer program employing standard
techniques (see Appendix VI, Program VIBRAT). Flexural rigidities,
longitudinal stiffness, and mass distribution are the input to this auxil-
iary program; these input data have been obtained from analyses per-
formed by the manufacturer. The output of the auxiliary program be-
comes input for the simulator program and consists of normal mode
shapes, natural frequencies, generalized masses, and, for the trans-
verse vibration, normalized bending stresses,

Next, consider the load deformation input parameters for the structure.
A double modulus relationship has been postulated between crushing force
and structural deformation in the local area of contact between the ground
and the aircratt. The crushing force moduli have been obtained by com-
puting average local plastic buckling loads for those structural members
that fail by local instability and by adding an appropriate percentage for
the resistance offered by bending of longitudinal members. Based upon
observed behavior of a plastically deformed structure, an estimate has
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been made of plausible "springback' deformation associated with un-
loading. A range of 10- to 20- percent springback was postulated for a 2-
to 3- foot depch of structural crushing in the region of the underside of the
nose. The springback is obtained in the simulator program by employing
a greater modulus for unloading as well as for initial loading below a
critical force (marking the onset of plastic crushing).

UNLOADING CURVE

I

|

|

|

h

- P

RESIDUAL' CRUSHING [ DEFORMATION
SPRINGBACK

Figure 2. Plot of Normal Force Versus Structural Deformation

The onset of plastic crushing is signaled by a critical value of applied
normal force (see Figure 2). This critical value is estimated considering
those members that would first undergo general buckling; however, this
value must also be consistent with the elastic modulus for deformation,
the plastic modulus, and the assumed points through which the curves
must pass,

The simulator program computes compressive bending stresses along the
top of the fuselage for each time increment. When a critical effective
buckling stress is reached at a given station, a 'yield hinge'" is considered
to be formed in the fuselage and the mode of simulation changes. The
critical fuselage buckling stress has been computed on the basis of the
critical stress for a longitudinally stiffened curved panel. The computed
value has been increased by an estimated factor to account for the dynamic
overload capability associated with short-duration pulses and redistri-
bution of stress as a plastic hinge is formed.

Once a yield hinge forms, a plastic-hinge moment offers substantially
constant resistance to further bending at the hinge. This plastic-hinge
moment has been computed on the basis of resistance offered to continu-
ation of buckling and crushing of skin and longitudinal members,

6



In addition to the structural data described above, geometric input defining
the longitudinal contour of the underside of the fuselage is required., These
data were obtained from scale drawings provided by the manufacturer,

GROUND PARAMETERS

It should be noted that an accident can occur in a wide variety of soils
whose properties may vary considerably., Consequently, the ground
parameters were varied over practical ranges for a number of simulator
runs,

The normal soil reaction force, Fp, was considered to be composed of
several components, First, the essentially elastic behavior provides a
contribution that increases with penetration. However, as both surface
contact area and ground resistance per unit area are roughly proportional
to depth of penetration, the assumed relationship is:

2
Far = €126
where
ZG = ground penetration
C, = 8o0il elastic modulus

1

The constant Cl has been estimated for a typical soil,

A gecond contribution to normal force is associated with the phenomenon
of planing (hydroplaning) is associated both with horizontal velocity and
depth of soil penetration, The relationship is:

Cc,Z2 X

Fne = C2%g
where
X = horizontal component of aircraft
velocity
C2 = planing parameter

The planing coefficient C; has been roughly estimated for various soils,
based upon momentum exchange and soil compressive resistance., The
degree to which the nose of the aircraft remains a "plane'" as opposed to
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a '"'scoop'' would further affect this parameter. In the computer simu-
lation runs, a range of practical values was used for this parameter.

The third contribution to the normal force component is that of the direct
momentum exchange effect, As the aircraft penetrates the ground, it
accelerates soil mass to its velocity. A momentum exchange relationship
leads to

F = C Z

22 w2
N3 3ZG G
where

ZG = time rate of soil penetration

C3 = soil impact parameter
The parameter C; is approximately equal to the mass density of the soil
multiplied by the contact area and divided by the penetration ZG'

The total normal component is the sum of the three separate contri -
butions:

FN = FNl + FNZ + FN3

The tangential component of the soil reaction force is similarly com-
posed of separate contributions. The first of these is simple friction.

FTl = fFN

where
f = coefficient of friction

To the extent that the soil has been penetrated and some manner of scoop
has been formed at the nose of the aircraft, two additional contributions
to the tangential force would exist. The first of these is associated with
soil '"drag' or ''plowing' action and is proportional to the horizontal
velocity and ground penetration:

FTZ = C4XZG
The plowing coefficient for a given soil can only be determined ex-
perimentaily, For this purpose a simple experiment was designed and
conducted to provide a rough separation of the plowing and friction phe-
nomena with two extremes of scoop conditions. The results of this

8



experiment were employed to provide order-of-magnitude values for the
soil reaction parameters f, C,, and C,. The experiment is described in
Appendix III, The other contribution associated directly with the scoop

effect is the horizontal momentum exchange, It would thus vary with scil

penetration and with the velocity squared; that is,

2

FT3 = C5X ZG
The coefficient C_ would depend upon effective scoop area and soil den-
sity and has been roughly computed. In simulation runs, this parameter
will be varied considerably to simulate conditions ranging from a de-
finit. scoop in a freshly plowed field to the other extreme of planing over
hardpan soil or a concrete ramp. The total tangential force is then the
sum of the individual contributions:

T2 T3
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APPLICATION OF CRASH PULSE SIMULATOR

The CV-2 and CV-7 aircraft crash pulses were developed by the simu-
lator program for combinations of the following parameters: velocity,
sink rate, attitude angle at impact, soil conditions, and aircraft weight

conditions,
1. Velocity was varied from 80 to 120 feet per second.
2. Sink rate was varied from 10 to 30 fect per second,
3. Attitude angle was varied from 3 to 15 degrees,
4. Two basic soil conditions were considered: hardpan, and a

soft soil equivalent to a cultivated field,
5. For each aircraft, two weight conditions were considered:
operational light and operational heavy,

A summary of significant results is contained in the following tables,
which relate maximum cargo compartment acceleration (excluding short-
duration peaks), time duration of pulse, and velocity change to the var-
ious input parameters,

An example input to the simulator program and developed output is con-

tained in Appendix IV,

TABLE 1
RESPONSE TO IMPACT VELOCITY

Maximum Pulse Velocity

Velocity Soil Condition Acceleration Duration Change

(ft/sec) (G) (sec) (ft/sec)
80 Hardpan 6.1 . 138 12
100 " Hardpan 6.4 . 140 12
120 Hardpan 7.0 . 144 13
80 Soft Soil 9.4 . 188 26
100 Soft Soil 184 . 200 313
120 Soft Soil 12,7 . 220 42

CV.-7 Aircraft, operational light,
Sink rate = 20 fps; impact angle = 12 degrees
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TABLE II
RESPONSE TO SINK RATE

Maximum Pulse Velocity
Sink Rate Soil Condition Acceleration Duration Change
(ft /sec) (G) (sec) (ft/sec)
10 Hardpan 3.5 . 126 7
20 Hardpan 6.4 . 140 12
30 Hardpan 9.1 . 266 26
10 Soft Soil 6.9 . 248 26
20 Soft Soil 11,4 . 200 33
30 Soft Soil 14, 4 . 268 54
CV-T7 Aircraft, operational light.
Velocity = 100 fps; impact angle = 12 degrees
TABLE III
RESPONSE TO IMPACT ANGLE
Impact Maximum Pulse Velocity
Angle Soil Condition Acceleration Duration Change
(deg) (G) (sec) (ft/sec)
3 Hardpan 6.1 . 126 11
9 Hardpan 6.2 . 124 11
12 Hardpan 6.4 . 140 12
15 Hardpan 7.2 . 150 14
3 Soft Soil 9.0 . 144 19
9 Soft Soil 10, 6 .70 26
12 Soft Soil 11. 4 . 200 33
15 Soft Soil 12,2 . 244 41

CV-7 Aircraft, operational light.
Velocity = 100 fps; sink rate = 20 fps

11
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CARGO SIMULATOR

DESCRIPTION

The computer program to simulate cargo restraint systems is designed
to obtain the dynamic response of a cargo retention system (employing)
load limiters) to an applied acceleration pulse. The cargo simulation is
accomplished not as a separate computer program but rather as a sub-
routine appended to the crash pulse simulator program. As the
specific crash pulse is generated, it becomes input (internally) to the
cargo simulation subroutine.

MATHEMATICAL MODEL

The cargo is assumed to rest on the cabin floor (with a suitable friction
coefficient between cargo and floor), restrained fore and aft by load
limiters as illustrated in Figure 3.

e MIRCRATT TL0R 7

REAR. LOAD LIMITER 43“#&]!
LOAD
LIMITER

Figure 3, Cargo Restraint by Load Limiters
Each load limiter provides unidirectional restraint; the aft load limiter,

for example, offers restraint to forward displacement of the cargo rela-
tive to the floor (when slack iz taken up).

12



The longitudinal force applied to the cargo is transmitted from the air-
craft through either the aft or the forward load limiter, as well as through
the cargo floor by means of friction., The maximum value that this force
may assume is the load-limiter limit force plus the coefficient of friction
times the normal force between floor and cargo. (The normal floor force,
in turn, de pends upon the normal component of floor acceleration.)

At each time increment, t he subroutine accepts as input the generated ac-
celeration components (longitudinal and normal) of the floor at the cargo
location. For the case of zero relative velocity (of cargo to floor), the
cargo mass times the longitudinal acceleration is compared with the com-
puted maximum possible longitudinal force. If the former is less than the
compnted limiting value, no relative acceleration occurs, Otherwise,

the cargo acceleration is the computed limiting longitudinal force divided
by cargo mass, The resulting relative acceleration is then the difference
be tween the floor acceleration and the absolute cargo acceleration.

For the case in which the cargo has a relative velocity, the applied cargo
force becomes the load-limiter load plus the computed friction force
(assuming tie-down slack is not present). Again, the applied cargo force
determines the absolute cargo acceleration and in turn the relative ac-
celeration,

Numerical integration of the kinematic relationships is used to obtain
relative cargo velocity and displacement (at each time increment) from
the above -computed relative acceleration. The load-limiter stroke is
finally obtained as the maximum cargo displacement,

A flow chart and computational relationships for the cargo simulation sub-
routine are given in Appendix II,

13

T P e —




APPLICATION OF CARGO SIMULATION PROGRAM

The cargo simulation program was employed for ten representative
crash pulses (as shown in Table IV). For each pulse, the load-limiter
st roke was computed for five different load-limiter limit forces, cor-
responding to 2G, 4G, 6G, 8G, and 10G limiting accelerations. The re-
sulting limiter strokes are tabulated in Table IV along with the input con-
ditions for each simulation run. (The center of the cargo compartment
was selected as a representative location, )

A family of curves showing load-limiting force versus cargo displace-
ment appears in Figure 4,

Appendix V shows typical output sheets from the cargo simulation pro-
gram,
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TABLE IV
RESULTS OF CARGO SIMULATION

Alrcraft
Configur-
ation
and Soil
Condition

Velocity
(ft/sec)

Sink
Rate
(ft/sec)

Impact
Angle
{deg)

Max,

G

(G)

Pulse
Duration
(sec)

Velocity
Change
(ft/eec)

Load
Limiter

(G)

Cargo
Displ.

()

CV-2 Operational Light
Soft Soil

120

90

80

30 15

20 9

10 6

20

5.67

.214

. 158

. 128

60

26

2

-—

—
OC®OPENO DO NO®D®»OCS

-—

16. 67

7. 66
4.22
2,41
1.40
2,56
0,91
0.29
0,08
0.00
0, 43
0.05
0.00
0.00
0.00

CV-7 Operational l:leavy
Hardpan

100

120

120

30 15

30 12

30 6

7.4

7.5

6.0

. 300

. 300

. 240

25

27

21

—

-
OO NOD®BONO®OLN

1.33
0,33
0,05
0.00
0.00
1.28
0.32
0,03
0,00
0,00
0,68
0.13
0,00
0.00
0.00

CV-7 Operational Heavy
Soft Soil

120

120

120

30 12

30 9

30 6

14,2

. 300

.198

.242

64

37

44

—

—
DA NODONENO®OLN

—

13.10

5.01
2.04
0,78
0.21
5.20
2.02
0, 84
0.29
0.08
4.67
1.66
0.55
0.12
0.01

2
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Hardpan
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Legend Condition Condition Velocity Rate Angle
(ft/sec) (ft/sec) (deg)
(1) Heavy Soft Soil 120 30 12
(2) Heavy Soft Soil 120 30 9
(3) Heavy Soft Soil 120 30 6
(4) Heavy Hardpan 100 30 15
(5) Heavy Hardpan 120 30 6
(%) Light Soft Soil 120 30 15
(7) Light Soft Soil 90 20 9
(8) Heavy Hardpan 80 30 3

Figure 4, Plots of Load-Limiter Force Versus Cargo Displacement
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RESULTS

The investigation has led to the development of a crash pulse computer
simulator (Appendix IV) providing an analytical tool for the study of crash
pulse time histories of fixed-wing aircraft. This tool was applied to the
CV-T aircraft to obtain tabulated acceleration data (Tables I, II, III) for
variations of pertinent input parameters, including soil conditions and
accident configurations.

In addition, the investigation has led to the development of a cargo simu-
lator program (Appendix V) to serve as an analytical tool to study cargo
acceleration levels and displacements during a crash sequence. This
simulator was applied to obtain tatular data and plots (Table IV and
Figure 4) relating cargo displacements to load-limiter values for various
crash conditions.

It should be pointed out that all of the acceleration-time pulses generated
in this program fall within the human tolerance limits,

17
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APPENDIX I

CRASH PULSE SIMULATOR

FLOW CHART

PRINT SUMMARY DATA
FOR SIMULATION RUN

/ READ INPUT
INITIALIZE QUANTLITIES
COMPUTE CONSTANTS

]

INCREMENT TIME BY At

!

INCREMENT VELOCITIES
AND DISPLACEMENTS
FOR TIME INCREMENT, At

=~ =

-

RUN COMPLETE

RUN NOT COMPLETE

CEST FOR COHPLBTIOD

i~

PRINT AND PLOT
ACCELERATIONS

AT TIME = t

COMPUTE GROUND
REACTION FORCES

C
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SELECT MODE \ YIELD-HINGE’

\
\
\

CARGO ROUTINE
REFER TO APPENDIX II

OF BEHAVIORI

COMPUTE RIGID
BODY ACCELERATIONS
(TWO CONNECTED BODIES)

ACCELERATIONS

COMPUTE RIGID BODY

R
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EVALUATE GENERALIZED

INITIALIZE FOR
YIELD=-HINGE

MODE

!

COMPUTE RESULTANT
ACCLERATIONS AND
STRESSES

BUCKLE'START S

TEST FOR

STABLE
STABILITY LIMITS
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COMPUTATIONAL OPERATIONS (Refer to List of Symbols)

1. Geometric, structural, and soil parameters that depend upon the
angle @ are computed as polynominals:

2 3
= A
R S A S T T T
2. The coordinates x and y are found:
. 1
X = HZ sme-(sB-ﬁl)cos 0
= (s - ) sin® + H_ cos 8
Y2 UBTH, 2

3. The interference, Z, and its time derivative, Z, are found:
Z = Y.y , Z = AZ/At

4, The normal force, F_ is computed:

N

a. For positive Z and F__ less than critical F_ .,

N N
FN = Kl(Z- ZG)
where
K
1 2
Z :/— =
G ” Z + B B
= @ 4 (i )ZC
£ = ™ G 2
= A
ZG ZG/At .
(l-SC)HBX + K1
B = =
g
and
. _1+8p
FN critical = P
6
1+49¢
K =
1 H3
C = l+4e2
1 H4
19

— = e I SR AT R A TR R



1

C, = =
2 H5
SC = scoop factor (varying from O to 1)

b, For F_ > F_ critical, Z positive,

AFN = kKl ( AZ - AZG)
where
Az = AZ
[zng + (1-5.) st]kxl + 1
k = reduction factor for modulus Kl
c. For Z negative,
AFN = Kl ( AZ - AZG)
where
Z
G
AZG = A Z—Z
5. The tangential force is computed:
1] L] 2
Fp = fF + Sc [HX + HyX ]zG
where
f = effective coefficient of friction
6. Accelerations are computed:
X = FN/mA , ZY: FT/mA
. G
where
mA = aircraft mass
IA = aircraft mass moment of inertia

20



7. Generalized forces for vibration modes are computed:

deé

Ql = P‘l(s ) + M l(s)-z au 01(5)
S

d‘l
Q :qu(s)+M (s)-zau.z(s)

Q. - C¢3(sJ)-€ aiuio3(si)

Q, - c¢4(sJ)-§ a u, 4(s)
where

P = FNcoso-Fr sin 6

C = FTCOSO+ FN

ZG
M =C [(y + T)s'mo+xcos 6]

sin @

$-cc 0y " normalized vibration modes as functions of s

s . = distance along fuselage axis to center of force
application (from nose)

a.,,a, - rigid body acceleration components (transverse and
longitudinal at station 5,

¥. = mass associated with xt finite subdivision of fuse-
lage

8. Generalized coordinates are evaluated:
. ) Q (t) & N
= -84 w .
qn(t + At) exp ( 5 t) { qn(t) cos ¥ At + [hn(t) + mn"n ] sin un&}

where
n = varies from 1l to 4
8 = damping coefficient
L 2
m_ = generalized mass = /“n dx
°

21
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o

- 2 BZ
@n ° “n T 4
w, - natural frequency

and hn(t) is found from:
£ Qn(t) At
hn(t +at) = exp (-ZAt) 3 [hn(t) + m—na—n- ]cos aat - qn(t) smunAti
9. The bending moment is computed:

. a’ 4 d?‘oz :
Mgls.) = El(s) [.ql 5-(8,) + 4,— (si)]
ds ds
where
EI(si) = Flexural rigidity at s = 8,

10. The longitudinal acceleration is computed

qri T T %
where
ap = total longitudinal acceleration at s = s,
a, = rigid body acceleration at s = s,
ay; relative acceleration from longitudinal vibration
a®y d%e
a, = qe—so(8) + q—-(5)
Vi 3 dtz i 4 dtZ i

11, Components of velocity and displacements are computed from kine-
matic relationships:

A).( = ()2 - A—Z)E ) 8t
where
)E = updated acceleration (that is, acceleration at end of
time interval, at)
AQ. AO. are found similarly. e

22



R U

AX

where X

AX
(X - T)At

updated velocity

AY, A8 are found similarly,

12, For the "yield-hinge" mode of aircraft deformation, rigid body accel-
erations are computed as follows: The angular acceleration, 8 ., of
. . ! "F'=
the forward portion of the aircraft and the angular acceleration, ¢ ,
of the rear portion (aft of the yield hinge) are each computed:

G-GS-G-G

s _ 3 2° 76
F ~ Den
3 G,* G,-Gj;* G,
F Den
where
I mp 2\™a
Gl - m Jrm x'F m
F A F
m
G, = G(m_R
F
Myma Xyma Dyr
G3 T mom + Fn 2 m
R F m F
F
Y z
(H * ?)mA Dyr me
+ F - + G
T 2 m m D
m F F
F
Gy = Dxr' Pxr* Pyr’ Pyr
I mp 2\ ™MF
A e Ena o
R A A
Mymy Dyr Dyr
G()z-mm -an +FTm +GD
R™F F H
Den = Gl- 05-04'(;2
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T

t 2 - T2 2
Gp = DxplPyp' @ + Dyp 0 )-Dypg Dy 6 + Dyp-og)
IF'IR = mass moments of inertia
m,,Mmg,my = masses
XH. YH = coordinates of yield hinge
MH = yield-hinge mboment
DXF = XF c XH
XF' YF = coordinates of forward center of gravity
DYF' DXR’ DYR = similar to DXF
2 2 2
rrp = Dyp + Dyp
r s similar to r
R ~ F

13, Acceleration components, XF' YF’ XR' YR' of forward and aft section
center of gravity are computed:

T R7 R
XF = m "m,G
A A9
o FN - mRGB mR
Yp = m "m,G
A AT10
= FT - mFG.’ mF
XR = m +m G
A A9
= Fn = mFGB mF
YR = m + m,G
A AT10
where
L2 L 2
Gy = 5 Dyp *+ %p Dxp

24



Glo = Dyrp™ 0p * Dyr~ oy

14. Velocity and displacement components are updated from kinematic

relationships: C
e = AX
F
Xp = Xp-—7z )4t
where
XF = updated acceleration
AYF, A6 P AXR, AYR, AOR are found similarly,
4 X
G F
AXF = (XF - Jat
where
XF = updated velocity

AYF, AQF, AXR, AYR, AGR are found similarly.

25
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APPENDIX II
CARGO SIMULATOR

CARGO SUBROUTINE

FLOW CHART @

COMPUTE
ACCELERATIONS

arL
apy (normal)

v <0 v >0

REL <
3 VReL I 0?
NO ('NEG., SLACK > O
?
YES

REL
L
VeeL = © @s. SLACK D%)
YES g
YES

@c. SLACK > 0} YES YES {pos, SLACK > 0
2

Nol
_.)__Ngc ap ; FLo ) ‘ ap ; Rt )_No__?_

YES 1 } 1 YES

1 l |

appL = ap - ao (L FRICTION COMPONENT)

UPDATE
VREL

UPDATE
CARGO
DISPLACEMENT

26



COMPUTATIONAL OPERATIONS FOR CARGO SUBROUTINE

1. Longitudinal acceleration is computed by crash pulse program,.

2. Normal acceleration (augmented by an equivalent acceleration for
weight) is computed:

Xsing + Ycosg@ - OSJ + 32,2 cosb

Y
"

FN

where

s Distance from center of gravity to the cargo location

J

I

3, 1If cargo relative velocity (relative to the floor) is zero at beginning
of time interval At, cargo acceleration is computed as follows:

a, = a for (-F f

C F )<aF<(R + f.a__)

LL - ‘c?Fx LL c?FN

3c = “Frp-fc¥pn for g« (‘FLL - fCaFN)

as = RLL + fCaFN for ap > (RLL + fCaFN )
where
a. = cargo acceleration
ap = floor acceleration (longitudinal)
aFN = Floor acceleration (normal)
fc = coefficient of friction between floor and cargo
RLL = rear load-limiter limit load (in the form of equiv-

alent cargo acceleration)

F = forward load-limiter limit load (equivalent
acceleration)

4, If the cargo has a relative velocity, cargo acceleration is computed
as follows:

a =
c RLL + fCaFN for VREL>0 and no slack

27



aC = 'FLL o fCaFN for VREL‘ 0 and no slack

5, If slack is present in system, the cargo acceleration is:

ac = aF for -fCaFN< aF< fCaFN
a. = 'fCaFN for apc - fCaFN
aC = fCaFN for aF > 4 fCaFN

6. The relative cargo acceleration is computed as:
a = a_,-a with a taken positive in the for-
ward direction but an and a_, positive

C
in the aft direction,

7. Relative velocity and relative displacement are computed by numerical

integration:
Aa
REL
dvpgr = (gL - —7 )4t
AV
REL
doper - Wper i T &
where
SREL ° relative (forward) displacement of cargo
VREL ~ relative (forward) velocity of cargo

28



APPENDIX III

SOIL DRAG EXPERIMENT

An experiment designed to separate phenomena involved in the longitudinal
resistance offered by the soil (during a crash) and to establish relative
magnitudes of significant parameters was conducted using a typical clay-
sand soil,

DESCRIPTION

An instrumented ''shoe'' was attached to the underside of a heavy cart,
The cart was towed at various speeds over a trough of prepared soil, with
the shoe set at a level for a given penetration of the soil, (See Figure 5,)

SHOE
(SIDE VIEW)

SDIL
SHOE SOIL LEVEL

Figure 5. Soil Drag Experiment,

Instrumentation provided a history of normal and tangential forces for
each run, Six runs were accomplished (and duplicated); they consisted
of three velocities with the shoe orientated in each direction, i. e., with
the sloped edge forward and the blunt edge forward.

29
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The results are tabulated as follows:

TABLE V
EXPERIMENTAL DATA

Shoe Tangential Normal

Velocity Orientation Force Force
(fps) (1b) (1b)
4 Slope Forward 550 800
22 Slope Forward 520 700
38 Slope Forward 750 750
4 Blunt Forward 500 550
22 Blunt Forward 400 400
38 Blunt Forward 450 350

If a mathematical model for the tangential force is postulated as
= A
FT fFN + v sx,

ranges for the coefficients f and v may be computed consistent with the
above data. These ranges are found to be:

f varies from .3 to .9
3
v varies from 10 to 46 (1b-sec/ft")

where

2
As is the total contact surface (ft )
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INPUT NOTATION FOR COMPUTER PROGR AMS

INPUT

NOTATION

A(l, 1)

A(l, )

AS(J)
BETA
CDTH
CIA
CIM(J)
CLN
CMA
CMU(J)
CM(I)
CNS, NS
DF(J)
DS

DT

ECA(J)
ECB(J)

EC(J)

EI(J)

(I=1, 3; J=1, 4) Coefficients describing contour coordinates
(ft)

(I=3, 9; J=1, 4) Coefficients describing ground-aircraft
interaction

Area of structural cross section (ftz)
Longitudinal vibration damping factor
Critical angle of plastic hinge rotation (rad)
Mass moment of inertia of aircraft about "Y' axis (slug ftz)
Mass moment of inertia per section (slug ftz)
Station for cargo attachment

Total mass of aircraft (ft-1b)

Mass per section (lb secz/ft)

(I=1, 4) Generalized masses (lb secz/ft)
Number of fuselage sections

Fuselage depth from longitudinal axis (ft)
Length of a section (ft)

Time increment (sec)

Normalized gtresses for first and second bending vibration
modes (lb/ft”)

Structural parameter (lb/ft)

Flexural rigidity of fuselage (1b ftz)

31
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EPS - Error factor

FLL - Forward load-limiter limit acceleration (G)

FMU - Friction coefficient

MSwW - Program switch code

OM(J) - Frequencies of vibrations (rad/sec)

PHI1(J)

PH2(J) . . . . .
- Normalized deflections of first and second vibration modes

PH3(J)

PH4(J)

RLL - Rear load-limiter limit acceleration (G)

RPM - Reduction factor to plastic-hinge moment

SB - Location of center of gravity (ft)

SNK - Sink velocity of aircraft (ft/sec)

STRE - Buckling stress (I1b/ft?)
THT - Angle of impact (rad)
THTD - Angular velocity (rad/sec)
VEL - Velocity at aircraft (ft/sec)

ZM(J) - Section moduli (ft’)
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APPENDIX IV
CRASH PULSE SIMULATOR FORTRAN LISTING

PROGRAM CRASH
~ DIMENSTON V(101+PV(10)sA(0s4)sH(O) sWHN(20)+Q(20)
1PQ(20) sPHT(32)9PH2 (22)sPHA (32 ) sPH4(32)9CMU(32)19ECA(32)9ECR(32)

10M(h)oCM!A)oSND(h)ngD(Q)oCMOM(Q)vPLdT(71)9RT(4)oQMX(Q)olM(32)o

10 FORMAT(8F10.6)
RFAN 109 VFLISNKsTHTSTHTD
REAN 1Cs ((A(]9J)e J=194)91=199)
REAN 109sCMASCIAISPsSTRRICNTHIRPMy NS IPNSsFMUWNT
REAN 109 CMUSCIMINF9sPHI 9 PH2 9PH3 9PHG s FCAYFCRYZM
RFAD 1CesOMyCMIRFTA
RFADN 3005 (PLOT(J)9J=19T71)sBLNKIPRDIASTIEQIPLS
2.0 FORMAT (71A195A1)
PEAN 9sMNTHINDAYSNYRINRUN
Q FORMAT (415)
SC=,75
17 N0 129J=1910
12 V(U)1=0,
V(3)=THT
V{4Y=SORTF (VEL*VFL =SNK#*SNK )
V({5)==SNK
V(R)=THTD
PO 14 T1=1s2
4 VITY = A(T o1 )4THT* (AT 02 )4+ THT* (A(T92)14THT*A(T194)))
FN=Q,
IF {THTY 70e719 70
70 V(112147 (14780191)=6004%THT)
71 T1=88=14/VI(1)
T2=VID ) #SINF(THT)~TI#COSF(THT)
VI2)=VI2)%#COSFITHT ) +T1#SINF(THT)
VI1)=T2
FT=FN
MXT=1
NCR=]
MRTN=1}
THTP = THT
PO 17 I=3+9
17 HITY = AT ol 4THTR(A(T 921 4THTH{A(Ts3)+THTHA(194)))
HAaP=H(3 )/ (1444, %THT*THT)
HAP=() o +4 #THTHTHT ) /H{4)
HEP = H(&)
HOP=HI &) /(1 o +B8e#THT#THT)
H7P=H(8)
HB8P=H(9)
H1P=V(1)
NO 13 J = 1920
13 Q(J1=0,
T=0,

33

e e T T US——

- e TR T R o AL S G NG L2 20 Al S



vy gt Y -
NS=CNS )
0 NM{2) = OM(3) - RAFTA * AFTA/4,.0
- AM{4) = OM(&) ~ RFTA # AFTA/4 4N
PO YIS 1 = 14 -
AUX{11=0,

CMOMUT)=SQRTFIOM(T)y#CMI( )

156

SNDIT1)1=SINF(SQRTFIOMITY 1#nT)
CSPIT)=COSF{SQRTF(OM(])}#NnT)

SWCH= 1,0
PO 201 J = 14NS

M

no 16 1 34

1A

A((J) s O.

NN (T FXPF(~RFTA/?, # PT) * SND(T)
rSNLY = FXPFL=NFTA/D, # NT) * €SN(])

pT(‘ )30.
RT(2)=0,

e7(3)=RFTA
AT(4)=RFTA

Zr\=oo
FNC = 0,0

:(2".0
FU = 2,0

SH=‘&60 .
InG = 0,

IGM = U,
STR™M = 0O,

27C

ORINT 200+MNTHsNDAYsNYRINRUN
EORMAT (1HY 320X 96H NATF 32714420Xs8H RUN 1677)

201

PRTNT 201
FORMAT(EXs48H TIME STAe A STAe R STA, C (ACCFLe G UNITS)/)

FEW = |
STRL=0.

112

NO 112 I=1.3
VI =VI{3+1 ) #DT+V(])

110

PFN=FN
PO 111 I1=1410

1

PV =VI(T)
THT=V(3)

112

DO 113 I=1+9 :
HUTY=A(T o1 )+ THTR(A(T 921+ THTH(A(T92)+THT*A(T44)))

117

IF (THI) 11791189118
H{1)=5SH

TTR T1=8B=1./H(1)

H(41=14/Hl4) - o

To2=H[D ) RSTNF (THT ) =T 1 #FOSF(THT)
H{2)=H(2)1%COSF(THT)4+T1#SINF(THT)

H{1)=T2
VI10)zH(2)=V(2)

In=(VI{10)-PVI(10))/07
2:=V(10)

&3




1707 TFI{T-e2) 13047005700
180 [F(VI{4)) 110911409181

181 1F(2) 11451149182
182 [F(VI(21=48) 115,700+700

174 PRINT 116
114 FORMAT(18H RFROUND COMPLFTF

"D 10 700
116 SWeH = -1,0 * SWCH

IF (SWCH) 31893219322
321 STNP

222 GA=AC(B)/32.2
N=AA+2) o &

TF (NY 302430292071
277 1F (N=71) 10492304 ¢20)

4 PLOT (M) = AST
32 GR=AC(13)/32,2

K = GR + 26¢5
IF (K) 30593059306

A TF (K=71) 30793079305
AC7 PLOT (K) = EQ

308 GC=AC(18)/12,2
L=GC+2] 45

1F (L) 20843089200
209 JF (L=7]1) 2109310308

210 PLOT (L) = PLS
308 PLOT (26) = PRD

PLOT(211=PRD
PLOT(31)=PRD

PRINT 311sT9GAGRIGCHIPLOT
311 FORMAT (65X9F5,393FRe2971A1)

IF (N) 317293129313
213 IF (N=71) 31693149312

314 PLOT (N} = BLNK
312 IF (K} 31553159316

316 IF (K=71) 31743179315
317 PLOT (K) = BLNK

316 IF (L)Y 31843189219
319 IF (L=71) 22093209318

220 PLAT (L) = ALNK
318 CONTINUF

30 NZ=ZN*NT
COF=]o+bo*THTRTHT

H(3)=H(3)/COF
H{4)Y=H({4)*COF

H{AI=H(R)/(2,%COF -1,
1F(2G = IGM) 41194119412

4172 '26M=2G
25P=2~2G

411 PLG = LG
IF (DZ) 11991205120
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o

1720 60 TO {(ROO+BOY ) MSW

RJO

FUH=

H(4)42DNG # ZNG/H(S)

cx={
lG=zS

(1,0-SCIo#H(RI*VI(4)41,0/H(2)) /(2,0 * FUH)
QRTF(Z/{H{3)*FUH)+CK*¥CK) =CK

25 =
FN =

Z-16
2ZS/H(3)

8c2

1F (
MSW

FN=1./H(6)) B803+807+R07
= 2

am

FUH
IF |

= Hl4) + 2ZDG % NG JH(R)
FN - 14/H{6)) 80440055805

804

FCH
GO T

= Hi3)
O 806

80%
ana

FCH
N2Ce

= FC * H(3)
N2/ (2 q#FUHRZG4(14=SCIRHIR)*V (L)) #FCH+140)

CLE)

6=l
N7 8

G+N2G
= P2 - D26

NFN
FN=P

s N2S/FCH
FN+DFN

119

6O T
nZn=

0303
NI#ZG/ (Z-DZ)

FCH
GO T

= H{3)
O 899

RN

FNSF
1F

S(14=SCIMH(RIVEV(L)#7G
FN~FNSC) 80891219121

808
\Fa

FN=F
FT =

NSC
FMU # FN + (H{8) # V(4) + H(9) * Vig) * V(e

* 2G * SC

ZnG
CTH=

= (26 = P2G)/DT
COSFIV(3))

STH=
Pz F

SINFIV(3))
N*CTH-FT#STH

123

¢ =
GO T

FY ¥ cTH + FN # STH
0 (1269165)sMRTN

124

VITY
PNCR

==FT/CMA
= NCR

via)
Via)

= FN/CMA
=(FNRH(1)+FTH(Vv(2)+2G/24))/CIA

PO 1
Vize

30 1=1+3
Itz VI341)+(VIG+T)+PV(6+1))%DT /2,

130 VI eVIT +(V(3+1)+PVI(3+T111#DT /),
SJ:”S/?.

DO 1
wnn{

31 J=1eNS
J)zVIT)#STH4VIRIVRCTH=V{9)#(SR=~5])

131

3Je5J+4D>

nNO 1

32 1 = 1920

132

PO(1
SP=S

1=Q (1)
B=(VI(2142G/2.)#STH+H(1)#CTH

CMMs
J=SP

CH{(VI2)142G/24 ) 2CTH+H(1 ) #STH)
/NS+1,0

eI BN]
0(2)

= P ¥ PAL(JY + CMM * [PHI(J+1)=PR1{J))/NS
= P* PHP(J) + CMM # (PH2(J+1)=PH2({J)}}/DS
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0(3)=C*PH3I(J)
QU4)=CHPHL4(J)

ACFL = V(R) # STH = V(7) » ¢TH
SJ = SR - NS/2,

THSQ=V(6)*Vi6)
NO 133 J=14NS

N01) = QU1 )1=CMUJ)*WDD{J)#PH]1(J)
Q(2) = QI2)=CMU(J)%*WDN{ J)#PH2(J)
Q{2)y = Q{2) = CMU(JI)Y * (ACFL + THSN % SJ) # PH3(J)
Clay = Qla) = cMULJY ® (ACFL + THSQ ® SJY * PH4(.))
123 SJ = SJ - NS
NO 212 | = 14
IF(T=-NT/2.) 21092109211
210 04 + 1) = QUl) * DT % NT/(6e * CML]))
QU1a + 1) = Q4 + 1) #3,/7(SQRTF(OM(I)) * DT)
GO T0 2113
211 OT = PQ(16 + .1 + PQ{I)/CMOM(])#DT
N(4 + 1) = PRLL + TV * cSN{]) + QT * SND(])
O(1A + 1) = QT * cSD(T1) - PQl4 + 1) # SND(T)
213 Q{12+41)=0(1)/CMIT)=(OM{T)+RT{JI*RT(])/64)*0(6+1)1=RT{1)*PQIR+])
TFUABSF(QU4+1))-QMXITY1Y 21292129214
214 OMX(1)=ARSF(Q(4~ v
212 Q(8 + ) = PO(R UL QU2 + 1) + PO(12 + 1)) #*# DT/240
PSTR=0,
ppSTR=0.
FMNT = CMA = CMU(1)/2,0
SJ = SR - NS/2,
PSHR=0,
RMM=-CMM
NPP=1
PO 400 J = 1sNS
AC(J)=ACFL+THSQ®SJ+Q(15)*PHA(J)+Q()16)*PH4L(J)
GO TO (1439144)s MXT
142 ACN=V(T)#STH+V(RI#CTH~-V(Q)#SJ
SHR=PSHR+CMU(J) *ACN
GO TO(401+402)9NPP
401 1F (SP-SR+SJ=NS/24) 40294039407
403 NPP=?
SHR=SHR-P
402 BMM=BMM=(PSHR+SHR)#NS/2.+CIMIJ)#*V(9)
PSHR=SHR
STR=FCA(JI#Q(5)+FCRIJ)#Q(L)
STRN=(2,#STR+6,#PSTR-PPSTR) /8,
IF{STRL=-STRN) 19191919190
190 STRL=STRN
JSTL=2J =
191 TF(STRN=STRM) 4 (3941490414
414 STRM = STRN
JST=J
413 JF(STRN - STRB) 1409141514
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L

L

T I A YR R g S

RTINS MR e,

PSTR=STR

141

CH YO 144
JH= 1=

SH =, 88 = §J =R5/2,0
PRINT 1429 JH

142

FORMAT(21H YIFLD HINGF AT STA. +13)
MXT=2

144
41C

CMNT = CMNT =(CMU(JY + CMULY + 11)/2.0
&J = SJ - NS

14%

FORMAT (1X910F11,4/)
T=T+DT

149

"0 TO (170+149)sMXT
CMF=0,

T=T-nT
NO 150 N=z1ysJH

150

CMF=CMF+CMUI(N)
MR =CMA=CMF

FLM=CMR/CMA
TM=CMF /CMA

RM=CMR /CMF
SJ=nS/2,

SRF=0,

BC 192 N=1sJH
SRE=SRF+CMU(N)#5J

152

SJ=SJ+DS
SRF=SRF /CMF

CAR=(CMA®SA=CMF #SAF ) /CMR
NSF=SR-SAF

— DSR=SRAR-3B

U(1)=V(1)+NSF*CTH

Ul2)=V(2)-NSF*STH
Ulay=v(a)

U(4)=VI{1)-NDSR=CTH
U(S)1=V{2)+NSR*STH

ulsi=via)
NO 151 1=1,3

Ule+11=VI3+])
UI9+1)=VI3+])

151

UC12+41)=VI6+T1)
Ul15+1)1=V(A+T)

1101 2VI1) +{GR=OH I *CTH=NF ( JH) #STH
U(2013V(2)=(SR=SH) #STH=NF ( JH) #CTH

U2 =zv(1)
RF=(SARF-=SH)®({SRF=SH)I+NF(JH)®DNF(JH)

FR=(SBR-SHI#[SBR=SHI+DF{ JH) #DF {JH)
SJ=DS/2,

CIF=J,
DO 152 N=1,yJH
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153

CIF=CIF+CIMIN)+CMU(N)*SJ%S)
S$J=5J+NS

CIF=CIF-CMF#SRE#SRF
CIR=CIA-CIF-CMF*(SA-SAFI#(SA-SAF)-CMR*(SR~-SPR)#*(SR-SAR)

Gl=z=(CIF/CMF+CLM*RF) /TM
G5=(CIR/CMR+TMXRR) /TM

AXF=U(11=-U(19)
NYF=U(20)1-U(2)

MRTN=2
NTH=0,

160

PRTH = DTH
PEN=FN

161

PO 161 I=1,21
PULT)I=U(T)

PO 162 1=1+6
Ula+T)=Ulh+T14(U12+T)+PU(12+T))%NT/2,

16?2

ULy = PULT) + (U(s+1) + PU(6+1))#DT/2,
THT=U(3)

142

PO 163 1=119
H{T)=A( ol )+THT*({A(T92)+THTR(A(Ts2)+THTH#A(T04)))

STH=SINF(THT)
rTH=COSF(THT)

167

1F (THT) 157451589158
H(1)=SH

158

T1=SB=14/H(1)
Hl41=1e/Hl4)

T2zH{2)#STH=T1%CTH
H(2)=H(2)#CTH+T1#STH

H(1)=T2
STHR=SINF{UIK))

CTHR=CNSF(U(A))
U(21)2H{2)=NSF#STH=U(2)

Z=Ul21)
ZD=(U(21)-PU(21))/DT

DO 164 =192
Ul19)=PU(19)+(U(7)+PU(T7)+(U(Q)+PU(9))%NYF)%#NT/2,

U201 =PU(20)+(U(RY+PUIRI+{U(O)+PU(Q) ) #DXF I #NT/2,
pxF=U(11-U(19)

AYE=U(20)y-0(2)
NXR=U(19)-U{4)

164

NPYR=U(S5}1=U(20)
vil) = Utl)

viay = U(2)
V(3 =U(3)

Via)=U(T)
V(sy = U(8)

Vis) = U(9)
T=T+DT

165

GO 10 127
DTH=U(6;-U(3)
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IF(ARSF(NTH)I=CNTH) 1AK 16T 1AT
147 PRINT 14A

VAR FORMAT (154 FUSFLAGF RRFAK)
GO TO 70C

1AA DHM=STRR®ZM(JH)%( 48=11, 1 #NTH*NTH)
TE(NTH~-PNTH) 14051714171

T£G DMz -RPM*PHM
171 G4= (NXFENXR+NYF#NYR)

GO=r4L%RM
F1=U(9)*U(Qq)

F2=U(12)#U(12)
FAa=NXR¥(F1#DYF+FP2¥NYR)=DYR®(F ] *NDXF+F2%¥NXR)

GAzPHM/ (CMF#TM) +FMN# (U190 /(CMFRTMYSNXF/CMFY+FT#((U(20)+45%2 ,/
V(CME#TM) =NYF /CMF ) +RM#F2

Fh==PHM/ (CMRETM)~FN¥NXF /CMF+FT#NYR/CMF4+F3
NFEN=G] %¥GE=G4L#G)

U118 ) =(R3*AB-GI2#NRA ) /NFN
U(1R)=(GI1*G6=-GI%*G4) /NFN

Fa=F1#NXF+F2#DXR
FR=F1#DYF+F2#DYR

FA=NYF=U(16)
E7=NYR*U(18)

FR=NXF*U(15}
Fa=NXR*U(18)

U1 == (FTHCMRAFL ) /CMA=CIL MR (FR4FT)
U(16)==(FT=CMF*F4)/CMA+TMX (FE6E4+F7)

U(14)={FN+CMR%#F5) /CMA-CLM*(F8+F9)
U17)=2(FN-CMF#F&) /CMA+TM® (F8+F9)

SJ=NnSs/2,
NO 172 J=1,4NS

TF (J=JH1 VT4s1744175
174 AC{Jy==U(12)%#CTHIU(14)1%STH+U( Q) %U(QV#(SRF=S J)

0 TO 171
175 AC(J)=-U(16)#CTHR+U(17) #STHR+U(12)%U(12)#(SRR=SJ)

173 SJ=SJ+DS
GO TO 140

TOO PRINY 203y NRUN
203 FORMAT (1H1+20X915H INPUT DATA RUNGIR//)

PRINT 2064VELsSNKsTHTPsFMU)
204 FORMAT(4H VFLsFTe296X04H SNKFAReD

1AXs4H THToF64396X911H FRICT COFF)F42/)
PRINT 205+STRBsCDTHYBETA

706 FORMAT(11H CR STRFSS sF10.396Xs7H CR ANGsF6e306X 0
112H DAMP FACTORWF7,3/)

PRINT 2069H3P sH4PsHSP
206 FORMAT(8M FN1225/9FE100b49»10X9l1H FN2=2G%2G*4F1064910Xs

116H FN3=2GH2GN*ZGN/9F10447/)
PRINT 2079H6PIHTP +HBP

S

207 FORMAT (TH FNC=)1/sF1044s10Xs11H FT1=XD#ZG%sF10s4910Xs
1144 FT2=zXDR#XD#ZG*9E10e4//)

40



PRINT 208
208 FORMAT(20X915H NFVELOPED DATA//)

PRINT 209s(VI(I)sI=196)
2090 FORMAT(3H X oFT7e295X93H Y 9F6e295X94HH THFTAWFSe295X5H XPOTsF 7420

15X95H YDOT9FT76295X99H THETADOTsF642/)
25=25P

GL=VI(1)-H1P
PRINT 64]10+2G9259ZGMGL 9 STRM

410 FORMAT(12H GRND DEFORMsF54295X99H FUS DEFLF54295X)»
118H MAX GRND DEFRMsFbe295XsTH GRONVF 9sF74248X910H MAXSTRESSsF9,2/)

PRINT 4092 (QMX(T)91=1964)9sJST
409 FORMAT(29H GENERALJZED COORDINATES Q1=9F10e593X94H Q2=3F10,553Xy

14H 03=9F104593Xs4H W4=9F'10e593Xs12H MAX STR LOC»15)
STRL=ARSF(STRL)

PRINT 192+STRLJSTL
192 FORMAT (10X9s16H MAX TENS STRESSeE9,293Xe16H LOCATION NUMBERIS)

PRINT 40
40 FORMAT (]1H1e13H INPUT DATA)

PRINT 145e((A(IsJ)sJ=194)91=2199)
PRINT 1459 FCsSC

PRINT 1459 CMA»CIA+SPsSTRRPCDTHsRPMsCNS DS FMUNDT
NRUN=NRUN+1

READ 109sVEL 9 SNKs THT
JF(EOF+60) 999911

999 STOP
FND
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INPUT DATA FOR CRASH PULSE SIMULATOR

Aircraft - CV-7 (Operational Light)

VEL = 120.0

SNK = 20.0
THT =  0.2094
THTD = 0.
A(l, J):
A(l, J)
1 2 3 4

1 ,03704 3.1196 -8.557 11,005
2 4, 64 -1.672 0.0 0.0
3 8.0 x 10°7 0.0 8.0 x 10'6 0.0

-7 -6
4 1.924 x 10 0.0 33.h x 10 0.0

-4 -4
5 8.0x 10 0.0 135.0 x 10 0.0
-5 -5

6 2.0x 10 0.0 42.2 x 10 0.0
7 0.0 0.0 0.0 0.0
8 40000. -2400. 0.0 0.0
9 20.0 0.0 0.0 0.0
CMA = 900.0 CDTH = 0.30

5
CIA = 1.53 x 10 RPM = \ 50
SB = 27.0 CNS = 26,0

7
STRR = 7.0x 10 BETA = 40.0

42



DS = 26,
FMU = 0,75

DT = . 001 i
i

OUTPUT OF PROGRAM VIBRAT (REFER TO APPENDIX VI)

CMU, CIM, AS, DF:

CMU CIM ZM DF
1 9.0 200 . 050 2.0
2 24.5 250 . 050 3.0
3 28.5 480 . 050 4.0
4 24.5 390 , 0608 4,5
5 14.0 250 . 1544 4,5
6 8.9 250 . 1831 4.5
7 19. 0 254 . 1821 4.5
8 211.3 340 1731 4.5
9 210.3 250 . 288 4.5
10 208, 0 198 . 252 4.5
11 18.5 240 . 2375 4.5
12 19. 5 380 . 2282 4,5
13 22.0 413 . 242 4,5
14 10.0 320 . 1748 4.5
15 8.0 310 .180 3.30
16 4.0 110 .185 3,10
17 4,0 65 . 150 3.0 .
18 1.5 48 . 1168 3.0
19 3.0 48 J112 2.5
20 4,5 27 . 092 2.5 ]
21 4.5 20 . 0767 2.5 !
22 19. 0 20 .0767 2.5 '
23 19,5 950 .60 2.5
24 4.5 3500 . 520 2.5
25 1.0 3500 .10 2.5
26 1.25 3 10 2.5
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Developed Data For Crash Pulse Simulator

Final coordinates: (at rebound)

X = -2.37ft
Y = 7.45 ft
¢ = 0.13 rad

Final velocities and accelerations:

X 78. 59 ft/sec

Y

-2.17 ft/sec

-0.50 rad/sec

Fuselage deflection

Maximum ground deformation

Length of groove formed between
contact and rebound

0.78 ft
= 0.45 ft

20, 8 ft
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APPENDIX V
CARGO SIMULATOR FORTRAN LISTING

PROGRAM CRASH
NIMENSION V(10)sPVI1019A(994)1sHI91sWDN(30)sQ120)

1PR(Y0)YsPHY(32) s PH2 (22)9PH2(22) sPHA(32) oCMU(3?)sECA(32)9FCR(32)
INF(R2V9CTMIR2)Y9ACIA2V U2 1)9PUIDT1 1 sOMIG) 9o CMIL)ISNN{4L)9sCSDIL) »

1LY

TEMOMUL ) sPLOT(TI V0BT (L) sOMX{ 4V 9ZM(2D)
FORMAT(8F1046)

RFAN 109 V-LoSNKsTHTHTHTD
RFAD 1Ce ((A(ToJ)eJ=194)91=21+9)

RFAD 10» CMASCIA»SRISTRRICNTHIRPMICNS»DS9FMUNDT
REAN ]OOCMUOCIMODFOPHIOPH?’pHﬂoPHQOFCAOE(P'ZM

RFAD 10+OMyCMeRFTA

PFAN 300+ (PLOT(J)9J=19T71)sRLNKIPRNyAST+FNsPLS

LY

FORMAT (71A14+5A1)
RFAD 10sCLNsRLLsFLL

9

RFAD 9sMNTHsNDAY sNYRINRUN
FORMAT (415)

SMU=U.5
SC=475

1
12

NO 129J=1410
V(Jy=0,

RLIL=RLL*32,2
FLL=FLL#*32,2

LN=CLN
Y(3)=THT

VI4)=SQRTF(VEL*VFL-SNK#5SNK)
Y(5)==SNK

VIs)1=THTD
PO 14 1=1s2

14

VITY = AlTo 1) +THTH(A(To?)+THTRH(A(T93)+THT*#A(T94) )
FNz9,

IF (THT) 70971571

-——40—¥44+=4v44+14%444++—600r‘1H;+———————————————————————————————4————-

71

T1 SB le/V{
V(2)%SIN (TH )=T1*COSF{THT)

V(?)‘V(?i*COS (THT)+T1#SINF(THT)
vi1i=T2

FT=FN
MXT=1

NCR=1
MRTN=1

THIP = THT
DO 17 12349

17

HITY =2 A(Tol)+THTH(A(T92)4+THTRH{A(T93)+THT®A{[s4) )
HAP=H(3) /{1 o+l o #THT#THT)

HAP=(14+4, *THT#THT) /H(4)
HSP = HI(5)

HEP=AT8) . (1+B+*THI®TIHT)
H7P=H(8)

HB8P=H(9)
H1P=V(1)

47
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NO 13 J = 1920
13 Q{J)=0,

Tz0,
NS=CNS

OM(2) =z OM(3) = RFTA # RETA/4,0
OM(4) = OM(4) - RFTA # AFTA/440

NO 15 | = 194
OMX(11=0,

CMOM(1)=SQRTFIOMI 1)) %CM (1)
SNN(11=SINF(SQRTF(OM(]))#*nT)

156 CSP{11=COSFISQRTFI(OM(T1))#nT)
SWCH= -1,0

PO 201 J = 1NS
al1 AC(Y) = O,

NO 16 1T = 304
SNP (1)

= EXPF(-RFTA/2, * DT) # SND(])

16 CSNIT)
AT(1)=0,

x FXPF(-RFTA/2. # NT) # cSN(])

AT(21=20,
RT(2)=RFTA

RT(4)=RFTA
26 = 0,

FNC = 0.0
FC=560

FU = 2.0
SH=40,

DG = O
7GM = 0,

STRM = 0.
PRINT 200+MNTHsNDPAYNYR s NRUN

700 FORMAT(1H1+20Xs6H NDATE »s314920Xe&H RUN »15/7)

PRINT 201

201 FORMAT (5Xs31H TIME
123H(®*) FLOORy (=)

CARGO ACEL
CARGO)

FLOOR ACEL»3X»

MSW = 1
PVR = 0,

VR = 0.
PAR = C,

SR = 0,
SR™ = 0,

SRC = O.
STRL=0,

AR=0,
MCR=1

NO 112 =193

112 V(11vaV(3+])#DpT+VIT)
11 FN=FN

DO 111 I=1,10

111 PVIT)av(])
THY=aV(3)
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PO 113 =149
HIT I =A(To 1 )+ THTR(A( 192 ) +THTRH(A{T93)+THT*#A(]04)))

IF (THT) 11791189118
H{1)=5SH

T1=58~14/H(1)
Hi6)=s1a./HiG)

T2zH(2)#SINF(THT)~T1#COSF(THT}
H{212H(21#COSF(THT ) +T14#SINF(THT)

H(1)=T2
V(10)=H(2)=-V(2)

Zh=(VI10)-PV(1011/D]
Z=V(10)}

127
180

1F(T-¢3) 180¢700»700
IF(V(4)) 11491145181

181
182

TF(Z) 11491149182
I1FIVI2})-4R}) 116,700+700

114
116

PRINT 116
FORMAT (18H REBOUND COMPLETE )

GO TO 700
SWCH = =1.0 # SWCH

570

IF(ACLN) 57095719571
ACLN=0,

571
501

TF(VR) 600,6019502
1F (AC(LN)) 50345049504

504
505

IF (SRM - SR) 50595054506
IF (ACILN) = RLL) 60096004507

507
508

AR = AC(LN) - RLL
IF (VR) §17+518+519

517

AR = AR + SMU % ACLN
GO TO 520

519

AR = AR - SMU #* ACLN
GO TO 520

518
521

1F (ARSF(ARY = SMU # ACLN) 521952196522
AR = 0

522

6O TO 514
AR = AR * (1, = SMU % ACLN/ABSF(AR))

520

VR = PVR + (AR + PAR) # DT/2,
IF (VR * PVR) 50995109510

509

VR = 0.
AR=0,

510

GO TOU 514
SR = SR + (VR + PVR) * DT/2,

512

IF (SR =~ SRM) 51195119512
SRM = SR

511
512

IF (SR = -FLs 51« =1/, 874
SRL = SR

514

PVR = VR
PAR = A

506

G0 TO 600
AR = ACI(LN)

49
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501

GO TO 508
IF (SR - SRL} 515+515+% 06

XY
516

TF (= AC(LN) = FLL) 500+600s514
AR = ACILN) + FLL

502

GO TO 5u8
JF (SRM = SR) 5073507+506

500
600

IF (SR = SRL) 516+5169806
IF (SWCH) 2181953C+583]

§30
51]

<TOP
GR =(AC(LN) = AR)/3242

K:ﬁ#?‘).‘s
IF (K) 30593059306

306
307

IF (K=71) 30793074305
PLOT (K) = EQ

305

GC = AC(LN)/32,2
L = GC + 2645

ang

et

TF (L) 3CR+308+209
1€ (L=71) 210921059208

310
308

PLOT (L) = AST
PLOT (26) = PRD

311

PRINT 3119 TeGBsGCHPLOT
FORMAT (S5X9F54392F126297141)

312
316

IF (K) 31543159316
TF (K~71) 217s317+315

7
318

PLOT (K) = RILNK
IF (L) 318531892190

219
320

IF (L=71) 320+320+218
PLOT (L) = BLNK

318
5213

GO TO(5239524) 9MCR
D2=2D*DT

COF=2) q4b o *THT#THT
H{2)=H{3)/COF

H(4)=H(4 ) *COF
HIA)ZH(6)/ (2, #COF=14)

412

IF(2G - IGM) 4114114412
2GM=26

25P=L=-26G
P2G = IG

120

IF (DZ) 119+120s120
GO TO (800+801)s MSW

800

FUH=H{4)1+2PG * ZDG/H(S)
CK=((1,0=SCI#H(BI ¥V (4141 .0/H{3))/(2.0 * FUH)

2G=SQRTF(Z/(H{A)#FUHY+CK#rK) =CK
28 = 2 - 26

FN = Z5/H(3)
IF (FN=14/H{6)) 803+803,802

BO7
801

MSW = ¢
FUH = Hi4) + ZNDG * INDG /H(5)

804

IF (FN = 14/H{61) RU4sR05,4805
FCH = H(3)

50



RO IR TINA ATRA NPT RS ATIR r  RARAT BT AR P RN Yo

RO&

6O TO 806
FrH =z FC # H(3)

ROA
899

NZ2G2DZ/ ({2 o #FUHRZG4+{14=SCIR#H(BI#V(4))%¥FCH+140)
26G=2G+NZG

n2S = D2 - ND2G
NDFN = D2S/FCH

FN=PFN+DFN
GO TO 803

119

NZG=DZ%*2G/ (2-DZ)
FCH = H(3)

RN

a0 10 899
FNSr=(1,=SC)#H(RI*V(4)#20

8ca

IF (FN=FNSC) 80891211
FN=ENSC

121

FT = FMU * FN + (H(8) # V(4) + H(Q) * V(4) * V(4)) #* G * SC
ING = (2G = PZG)/NT

CTH=COSF(V(3))
STH=SINFI(V(3})

P= EN®CTH-FT#STH
rfr = FT % CcTH + FN # STH

2 A0 TO (126+4165)¢MRTN

V(7)==FT/CMA

PNCk = NCR
V(R)= FN/CMA

VIO)=(FN¥H {1 )+FT*¥(V1I2)+4LG/2.))/CTA
NO 130 1=1413

120

V24T 1=V {341 )+(VI6+ 11 +PV(A+1V)%NT /2,
VIT 2V +(V(341)14PV (34111 ¥DT /2,

SJ=N577,
PO 131 J=1eNS

131

WANTJY=V{IT7)#5TH+VR)Y#CTH=-V(Q)# (SR=-SJ}
SJ=5J+DS

122

PO 132 T = 14920
PO(I)=Q(I)

SP=SB=(V{?2)+2G/2)#5TH+H (1) %CTH
CMM=C#((V(2)42G/74 ) RCTH+H(1 ) *STH)

J=SP/NS+1,.,0
Q1) = P % PHYI(J) + CMM ® (PH]1(J+1)=-PH1(J))/NS

Q(2) = P* PH2(J) + CMM * (PH2{J+1)1=PH2(J))/DS
Q(3)=C*PH3(J)

Ql4)Y=CH*PH4L (J)
ACFL = V(8) # STH = V(7) #* CTH

SJ = SR - nNS/2,
THSO=V(AK)#VI(AK)

NO 133 J=14NS
Ql1) = GE1)=CMU{J)*WND(J)*PH]1(J)

0(2) = Q(2)1-CMU(JI*WDD(J) *PH2(J)

Q(3) = Q(3) =~ CMU(J) * (ACEL + THSQ % SJ) * PH3(J)

133

Qla) = Q4) = CMU(J) # (ACFL + THSQ # SJ) # PH&4(J)
SJ = SJ - DS

e —— i ————

DO 212 1T = 144
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iF(T-NT/24) 21042109211

210

Olta + 1) = Q1) # DT ® PT/(6e * CM(I )
Q{14 + 1) = O(4 + ]) #2,/(SORTF(OM(])) * DT)

GO 10 213
NT = PQ{16 + 1) # PQUI)/CMOMIT)*#DT

Q4 + 1) = PQI& + ) #® CSN{]) + QT # SNDI(I)
N(16 + 1) = QT # CSD(I) - POl4 + 1) % SND(I)

2113

Q12411 =Q(T1/CMIT)I=(OM{ TV 4RTITI*RT (1) /4o ) #Q(4+1)=RT{ 1) *PQ(B+])
JFOABSFIQ(a+1))=QMX(L)) 21292124214

214
212

OMX(1)=2ARSF(Q(4+1))
G(A + 1) = PO(B + [) + (Q(12 + 1) + PO(12 + J)) * NT/2.,0

PSTR=0,
PPSTRz0,

-

CMNT = CMA = CMU(1)/240
SJ = SR = NS/2¢

PSHR=0,.
AMM==CMM

NPP=1
NO 400 J = 14NS

AC(J)zACFL+THSQ*SJ+Q(15)#PH3I()+Q(15)%#PP4(J)
G0 TO (1439)44) 9 MXT

141

ACNzV(T)#STH+V(R)#CTH=-V(0Q)%SJ
[F (J = LN) 14691479146

147
146

ACLN 3 ACN+32,2%CTH
SHR=PSHR+CMU(J) *ACN

GO TO(401+402) sNPP

401 JF (SP-SR+SJ=DS/2e) 40344034402

403

NPPz2
SHR=SHR-P

40N

AMMzRAMM= (PSHR+SHR)#NS /2, +CIMIJ)I XV (Q)
PSHR=SHR

STR=ECAIJY#Q(5)+ECR(J)*Q(6)
STRN=(3,#STR+6. #*PSTR-PPSTR) /8,

190

IFISTRL-STRN) 19151915190
STRL=STRN

191

JSTL=d
IS (STRN-STRM) 413+414+414

414

%
14C

STRM = STRN
J6T=J

S - B) 14091414141
PPSTR=PSTR

PSTR=STR
GO TO 144

141

JH=zJ=1
CH =z SR = SJ -hS/?.O

~ PRINY 147+JH

142

FORMAT(21H YIELD HINGE AT STA. »13)

144

MXT=2
CMNT = CMNT ='CMU(J) + CMU(J + 1)1/240

400
145

SJ = 5J =D
FORMAT (1X910E11447/)

52
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T=T+DT
GO TO (1109149)9MXT

143

CMF=0,
T=T=-DT

1650

DC 150 N=1sJH
CMF=CMF+CMU(N)

CMR=CMA-CMF
CLM=CMR/CMA

TM=CMF /CMA
RM=CMR/CMF

$J=DS/2,
SRF=0,

NO 152 N=1+JH

SRE=SRF+CMU(N) *SJ

152

SJ=5J+4DS

SRF=5BF/CMF
SRR=(CMA#SB~CMF#SRF ) /CMR

NSF=5SR~SRF
NSR=SAR-SR

U112V (1)1+DSF#CTH
U(2)1=V(2)=NSF*STH

Utay=v(a)
U(4)1=V(1)-NDSR#*CTH

U(5)=V(2)+DSR#*STH
Ule1zvia)

— DO 151 113

Ule+1)1=Vi3+])

Ulo+l)=V(3+l])
V1241 )=2V(A+T)

181

Ul15+T1)=V(e+T)
U19)=2V(11+(SB=SH)#CTH=NF ( JH)*#STH

UT201=VI21-(5B=-SH)1 *STH=DF (JH)*CTH
U(21)=V(10)

RF=[{SRF=SH) # (SAF~SH)+DF ( JH) #DF (JH)
RR=(SAR-SH) # {SRR=SH)+NF ( JH ) #NF {JH)

SJ=nh5/2,
rIF=oo

DO 153 N=1sJH
CIE=CIF+CIMIN)+CMUIN) %S %S

153

SJ=5J+DS
Cl1F=CIF~-CMF#SRF*#SRF

CIR=CIA-CIF=CMF*{SR-SRF ) #(SR-SRF)-CMR* (SR=-SBR)* (SR=SBR)

G1l=(CIF/CMF+CLM#*RF)/TM

G5=(CIR/CMR+TM*RR) /TM -
NXF=U(1)-U(19)

PYF=U(20)=-U(2)
MRTN=2

160

DTH=0.
PDTH = DTH

PFN=FN

53
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DO_161 1=1921

161

PUlT)=U(T)
PO 162 1=1+6 _

149

Uls+]1)=PUL6+T)+PU(12+1)%DT
U1y = PULTY + (Ulg+]) + PU(K+T))I*DT /2,

THT=U(3)
DO 163 1=199

162

HOTY=A( T o1 )THTR{A(T o214 THTRIA( T2 )+ THT*A(144)))
STH=SINF(THT)

CTH=COSF(THT)
IF {THT) 15791589158

157
158

H(1)=5H
T1=6B=1,/H(1)

H{4)=2]1./H(G)
To2H(2 ) #STH=TI#CTH

HI2)=H(2)1#CTH+T1#STH
H{1)=T2

STHR=SINF (Ut8"))
CTHR=COSF(U(6)}

U(21)=2H{2)=DSF*STH=U(2)
Z=U{21)

In=(U(211-PUL21)1/DT
DO 164 1=192

UG19)=PU19)+(U(7)+4PUIT)+(U(9)+PU(9) ) #DYF)#DT/2,
U(20)=PU(20)+(U(B)+PUIB)+(U(9)+PU(9)  *DXF)*NT/24

DXF=U(1)-U(19)
DYF=U(20)-Ut2)

164

DXR=U(191-U(4&)
NYR=U(8)=U(20)

vity = Ul
Vi2) = U(2)

V(3)=U(3)
VIa)=u(7}

vis). = U(8)
Vis) = UL9)

T=T+DT
GO 10 127

165

DTH=U(&)-U(3)
IF(ABSF(DTH)=CDTH) 16691679167

167
168

PRIN: 168
FORMAT (15H FUSELAGE BREAK]

166

GO TO 700
PHMzSTRR*ZM(JH) *(e5-11,4 1 ¥NTH*NTH)

169

TFIDTH=PDTH) 169+171s171
PHM==RPM#*PHM

17

G4=(DXFADXR+NYF*NDYR)
G2=G4*RM

F1=Ul9)*U(9)
F2=U(12)*U(12)

T FX=BDXR¥(FIFDVF+F 2¥DYRI=DYR¥(F1¥DXF+F 2¥DXRT
G3=PHM/ (CMF#TM) +FN#(U(19)/(CMF*TM)+DXF/CMF ) +FT#{ (U(20)+,5%2 )/
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1 (CMF®*TM)=DYF /CMF ) +RM#*F 13
16==PHM/ (CMR#TM) =FN*DXF /CMF+FT#NYR/CMF4+F 3

NEN=GL*G5-G4*G2
U(15)=2(G3%G5=-62%G6) /DEN

Ul18)1=2(G1*G6-63*G4 ) /DEN
Fu=F1#NXF+F2#DXR

FS=FIXDYF+F2#DYR
F6=DYF*U(15)

F7=NYR*U(18)
FRzNXF#*U(16)

F9=DXR*U(18)
U(13)==(FT+CMR*F4 ) /CMA=CLM*(F6+FT7)

U(1& =-(FT-CMF*F4) /CMA+TM*(F6+F7)
U(14)=(FN+CMR¥*F5) /CMA-CLM*(FB4F9)

17V=(FN-C 5)Y/CHMA+TM® {FB+F9)
SJ=NS/2,.

NO 173 J=1sNS
IF (J=JH) 17491749175

176 AC{U)1==U(13)#CTH+U( 14)#STH+U(9)*U(9) % (SRF=SJ)
GO TC 173

176 ACIJ)I=-Ul16)*CTHR+UU17)*STHR+U(12)*%U(12)*(SRR=5J)
173 SJ=SJ+DS

IF(CLN#3,-SH) 57295724573
572 ACLN=U(13)#STH+(U(141432c2)1#CTH-U(15)%(SRF="1LN#3,)

GO TO 160
573 ACLN=U(18)#STH+(U(17)42242)#CTH-U(18)*(SARR-CLN#*3,)

GO TO 160
700 AC(LN)=0,

T=T+DT
MCR=2

ACILN=32,2
GO TO 115

524 T=T+D7
[FIVR) 52595259115

525 PRINT 203,NRUN
203 FORMAT(1H1+20Xs15H INPUT DATA RUNsI5//)

PRINT 2u4sVEL+SNKe THTPsFMU

" 204 .FORMAT(4H VELWF76296X94H SNK9Fbe2y

TAXs4H THTsF64396Xe11H FRICT COFFsF542/)
PRINT 205+STRAsCDTHRETA

205 FORMAT(11H CR STRFSS 9F10,396X97H CR ANGsF6eIs6X
112H DAMP FACTORsF7.3/)

PRINT 206+sH3PsH4P s H5P
206 FORMAT(8H FN132S5/9E10e4910X911H FN2=2G*ZG*+E10e4010Xs

6H A=LG*LGD*LGD/ 9E10e4/)
PRINT 207+H6PsHT7P»HBP

207 FORMAT (TH FNC=1/9F10e4910X0o11H FT1=2XD*ZG%4E1044910Xs
114H FT2=zXDAXN#ZG*9E10e4//)

PRINT 208
208 FORMAT(20X+15H NFVELOPED DATA//)

! 209» (V1) ]=196)
209 FORMAT(3H X #sFT7e295Xs3H Y sF6e295X96H THETASF642+45X5H XDOT9FT742s

r-———-—-—
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P

AT TN PR

TRXsRH YDOTsF 74215Xs9H THETANOTsFbe?/)
2522SP
GL=V(1)=-H1P
PRINT 410¢2G9Z2592ZGMoGLSTRM
410 FORMAT(12H GRND DEFORMsF5,295X99H FUS DEFLsF5¢295X»
1154 MAX GRND DEFRMyFébe
PRINT 4COs (QMX(T)oT=194)9JST
409 FNRMAT(29H GFENFRALIZFD COORDINATFES Q1=9F]10e593XsbH Q2=9F104592Xs
14H Q329F10,503Xs4H Q4=9F10,593X912H MAX STR LOCs[5)
STRLZARSF (STRL )
PRINT 192+STRL#JSTL
192 FORMAT_(10X+16H MAX TENS STRESSsE9e293Xs16H LOCATION NUMBERsI5)
INY 193
193 FORMAT(1HO 95X s 1 3HRFAR LOAD LIMsS5Xs13H FWD LOAD LIMs&X,
114H MAX FWD DISPLs4Xe14H MAX AFT DISPL#4Xs9H SECT LOC)
PRINT 194sRLL sFLL » SRMySRL LN
1064 FORMAT(BXoFBe2910XsFBe?910XsFBe29s10XoFBe200Xs13///)

PR!NT 40

40 FORM (1H1911H INPUT DkTA[
PRINT 1450 ({AllsJ)oJz1eb)e]m1s9)
PRINT 1459 FCoeSC

PRINT 145¢ CMASCIA»SPsSTRBICDTHsRPMsCNS»DSyFMUWDT
NRUN=NRUN+1
REAN 10y VFLoSNKeTHTsCLNsRLLFLL
TF(FOF+60) 999s11
999 STOP
FND

56



INPUT DATA FOR CARGO SIMULATOR

Aircraft - CV-7 (Operationai Light)

The input data is the same as that for the crish simulator, (refer to
Appendix IV) plus the following:

CLN = 13,
RLL = 8.
FLL = 4.

Developed Data For Cargo Simulator 1

Same as for crash simulator, plus:

Maximum forward displacement of cargo
relative to floor

0.33 ft

57
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APPENDIX VI
PROGRAM VIBRAT FORTRAN LISTING

DINKAY VIARAT
NIHUERSTICN pH(32)'rT(7?)’5((35)9HHA(32)9FLJT(7I)'C'U(37)QV(‘7)Q
2Y(22%2)s CF(22)9A5(22)
S EADNAT(SFING4)
L REAN CgNCaFPSgNCo"iCy
FORYAT(2F1Uqb492T11()
DEAR Ry ASGCToFreriay
REAR T (PLOT(J)eJ=1371) 42 Ny TAR DN
7 FORMAT (71A193401)
F= 1800CCCI00C60
CNS=NS
FNS = R,24 / (CNG#¥NG)
SJ=D5/2
[aYa R -Ke ko) \J:],rﬂcv
Pu( v= COGF(rocx< J)
R9Q S J=°J + NS5

poM = C

-

<J = NS/7.

EY. = €MULYL) %.SJ)/24,
Fa2 = (B, % CVU(1) = FuUI(2)1) /8,
€2 = F1 % NS/4,

Fn = E2 # NnS/4
NN QN0 J = 924NE
NEY = AMI(Y - 1Y) % SY
SJ SJ + NS
NEY. = (DFEY + Cldild) #* Sy 72%
£ F1 + NF1
£a F2 4+ (F1 = NF1/2,) ¥ NS
NE? = (CMULY = 1V + CHU(JV) /D,
£9 F2 4 NF2

o N £y T4 4+ (F2 = NE2/2.,) # Ng
NEY = (CMIJ(NS) # (S 4+ NS/be)) /%
1 F1 + DF1
£3 F2 4+ (F1 = NF1/2.,) # NS/2,.
NFE2 = CMUINS)/2,

F2 = F?2 + DF?
€4 = Fh 4+ (F2 = NFED/2,) # NS/,
uxT = 1

Q01 V(1 V= (R #*MY(T1)#PH (1) ="M (2)1%DH(2)) /8,
PM(1) = V(1) ¥ nS/4,
NN Gu2 J = 29NS
AV=(CMU(J=1 ) %PH(J=1)+CMU(J)%PH(J) ) /2
VIJYy = V(J = 1) + NV

9%2.0M(J)Y. = 8MLY = 1) % (V(J) = DV/7e) % NS
GO TO (©7°25904) «MXT

0N AV= (R g% CIHIINS)HPU(MS)=CVII(NR=1 ) #DU(MS=1)) /0,
VE = V(NS) + DV
eie BM(MS) + (VINS) + NY/2e) # NS/2,
NEN 1 #* F4 = F2 % F2
C1 = (F2 % RMF - F4 #* VF)/NEM
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Y = (ER R NVE. - . # AMEY /NEN

51.2. 0507
OM = YJ/PHEY) + €1 % SJ £ C2)

A .05  J = 1oNS
PHES) = PHIJ) + €Y ® 8§ £ .02
Qe a ) = L NS
YT =D
GO T (0184918) 4MSY
011 DUD = (OM(1)/FT(1)) # NS/L,
DH (1) = PHP * N<S/4,

PO a7 J = 29NS
NPHE = (B (J = 1)1/FI(J = 1) + BY(J)/ST(J)) * DS/2,
DHP = PHP 4+ NPHP

QU7 PU(J) = PH(J = 1) + {PHP = NPHP/2.) * DS
PRINT Q0 ,Pu

GO TO o9un
ONK NOM=ARSE (N 'aDNV)

DAY = AMm

uxy = ]

IF (DOX = FPS) 9UR$9089511
908 NO 99 J = ]4NS

PLNAT(24)=PRN
vr(l\ﬂcr(Pu(J))-1,7y EN24BN2 42

202 PHT=28 (4PY( J)#2. ,
M o= PHT 4+ 1,8

PILNAT(N) = STAR
5.2 PRINT 1CsJePH(J)sPLOT

1C FORVYAT (1394X958e4s10X97181//)
9.0 PLAT(N) = BLNK

PRIMT 11s O™
11 FORWAT(IHY 9 1UXeF12,3///)

DO OEY =T NS
CePu = RM( 1) #* EC(JV/ST(Jy) # OM

Q1. DRINT 124FCPH,
12 FORMAT (2U0XsF10,3912)

GO TO (9219922)sMSW
Q21 MSy! = 2

DOM=(,
EPS=1,0 -

cMl = 0,
NO Q14 ) = 19NS

FMY = CMY ¢ CMU(J) ® DUy * PH(J)
Q14 PHA(J) = PHI(J)

PRINT 14, CM1
PRINT 12

12 FORMAT(1H1912H SFCOND MCDF)
SJ)=NnS/2,

COF=Q442 / (CNS#DS)
DO 018 J=1,NS
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PH( 1) =COSE (COF*C ])

Q1e
2R Ea)

SJd=SJ+nS
Fro-

-

ne

nCole J = 19MS
CM = Mo CMU(Y % Bu( )

DHA(])

A= CM/C
DO 217 J = 1aNS .

PH(J) = PH(J) = A * PHA(J)
GO TU (Q90149918) oMXT

Q1R

EACT=14/PHI()
NO 027 J=14NS

Q2L
0N

PU( 1)=PH(J)*FACT
FODMAT (EX910F11,4)

Q22

GO TO oM
M=

FPS=40001
nNO QR0 J=14NS

CM=CM + CMU(J)#*PH(J)Y*¥PH (U
DRINT 146 CM

CHI=1
FOE=CNE/2,

Qu7

€ J=nS/2,
POM=U

RO @30 J=1,NS
PH(J)=COSF(COF*SJ)

“Qay

J=SJ + NS
PRTIMT 00 4DKH

a2

CNUM= (B g#CMILI(1)V(PH (1 V=CMII(2V%DY (D)) /8,

NN c29 J=24NS

Q27

NONUM= (CMU(J=1)%PH(J=1) + CMU(J)V¥PH(JYVY /2,

CNUN=CHUY 4+ DONUM

NCNUM=E (Re *¥CMUINS ) #PH(NS)-CMU(NS=1)#PH(NS=1))/8,

C1=(CNUM + DCNUiN /F2

AM=14 / (PH(1)=C1)
A0 TO (9274928) s MSH

027
022

RO Q22 J=1,NS§
PH(.1)=(PH(J)=C1)%*N™

QLo

AN =DM-PO

PRINT QCsCNUMs(C19NY sAsrNyrM]

DM =0M
PRTINT QO 4PH

TE(ARSE(NOM/OM)=FPS) 02440349025

Ce(1)= (S *CMU(1V*¥PH(]) =

CMU(2)#PH(2)1/°,

RO e236 J=24NS

NeE= (CMU(J=1)%*¥PH( 1=1) 4+ cMU(JIY*PU(J)V /2,

Q124

FF(J)= CF(J=1) ¢+ NrrE
PRINT 9Q,CF

PH(1)= CF(1)%¥NDS / (44#F%AS(1))

NO Q39 J=2 NS

PPH= (CF(J=1) / AS(J-1) + CF(J)

/ AS(J))

(2e%F)
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Du( )= PH(J=1) 4+ nOu

PRINT 0o04PH
cN TO oAy

A

= e

ND oat J=14NS

Su()=PU(J)=C
g & CU( 1) DU J)Y#OHA( )

A=t ) M
D=1 o /(PHIY ) =A%XPUA(1Y)

NO 4l J=1 NS
PH{J)I=(PH(J)=A%PHA(J) ) %0

GO TO c49
ND 249 J=14NS

TE(ARSE(PH{J))=147) B N45ANe5
r.Jv=1=.¢D';( | Y%7 ‘e

M=DHT + 1,5
PILOT(M)=STAR

PINT(2£)=P?D
PUItdl 1oeJePH(JYePL LT

au”

PILAT(N)Yy=r| MK
A=ASCE(ON)

PRINT 11 e04
NO A42 J=14NS

Q4H2

Se=cG(J) % OV / AS(J)
PRIMT 12+5Gs )

onn

RO T2 (Chbeq485)y “5u
$150=D

ClA1=U,
NC Cuk J=14NS

oL A

CHAY=CINY 4 CMU(JVEPH(JV%PH ()
DL (JV=Du( )

CRE=COC . % D,
DRIMNT 14asrn]

PRINT 172
-~ TO 247

14
Q/F

EORMA (18H GERNSRALIZFN WASS 9F12,2)
Ci=Ng

04 R

‘AO C4R J=1 4NS&

CM=CM & CHMU( IV *¥PY( 1) #PU ()

BRIMNT 144t
GO TO &

FNR
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INPUT FOR PROGRAM VIBRAT

DS = 3.0
EPS = 0.10
NS = 26,
MSW = 1
CMU = refer to Appendix IV
AS El EC
1 . 05 . TE8 4,33E9
2 . 037 1.455E8 5.76E9
3 . 037 3. 0E8 5.76E9
4 .033 4. 89E8 7. 714E9
5 .1190 15. 20E8 9.48E8
6 1122 17.5E8 9.17E9
7 .1165 17. 6E8 9. 28E9Y
8 .1118 15. 8E8 8. 80E9
9 . 1360 29, 3E8 9.97E9
10 . 1360 29. 3E8 11.25£9
11 .1124 24, 2E8 9.80E9
12 . 1228 27.4E8 11.52E9
13 .1110 23, OE8 8.8E9
14 . 0971 15. 8E8 8.8E9
15 . 0784 8. 85E8 4.8E9
16 . 0735 8. 48E8 4.4E9
17 . 0686 6. 64E8 4, 32E9
18 . 0660 5.15E8 4.36E9
19 . 0610 4.13E8 3.60E9
20 . 0680 3.21E8 3.60E9
21 . 0631 2, 82E8 3,60E9
22 . 20 2, 82E8 3. 60E9
23 . 20 22,1E8 3. 60E9
24 . 20 19. 2E8 3. 60E9
25 . 20 1. 77E8 3.60E9
26 . 20 1. 49E8 3.60E9
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OUTPUT OF PROGRAM VIBRAT

OM(1)
OM(2)
OM(3)

OM(4)

W -3 O bW

= 3573.09

5 21774, 42

= 59345, 91

= 106076, 68

PHI1 PH2 PH3 PH4
1.0 1.0 1.0 1.0
.8192 . 6066 . 9664 . 9403
. 6456 . 2713 . 8666 . 7681
. 4840 . 0249 . 7209 . 5252
. 3359 -. 1321 . 6059 . 3405
. 1991 -. 2223 . 5215 .2123
. 0737 -.2535 . 4270 .0763
-.0366 -. 2156 . 3081 -.0575
-. 1299 -.1114 . 1587 -. 1596
-. 2082 . 0367 -.0063 -. 2027
-. 2724 . 2081 -.1952 -. 1961
-.3214 . 3904 -. 3897 -.1674
-. 3550 .5713 -.5770 -.1322
-.3715 . 7379 -. 7762 -.0876
-.3647 .8723 -1.0014 -.0313
-.3273 . 9547 -1, 2483 .0338
-. 2567 . 9728 -1.5021 . 1031
-.1510 L9177 -1.7613 . 1753
-. 0079 . 71820 -2,0282 . 2505
. 1735 . 5664 -2.2802 .3221
. 3909 . 2848 -2,5099 . 3879
.6374 -.0311 -2,6511 . 4285
.9011 -. 3493 -2.6904 . 4399
1.1703 -. 6589 -2.7065 . 4445
1.4424 -.9253 -2.7116 . 4460
1.7212 -1.0710 -2.7136 . 4465
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;;

s

ECA(J), ECB(J):

o ~J O~ WU b W N

ECA ECB
5.165E5 3,806E6
4, 727E6 2. 760E7
7.910E6 4,016E7
1. 406E7 6.318E7
9.295E6 3.747E7
1.132E7 4, 142E7
1.511E7 5.038E7
1.979E7 5.679E7
1.390E7 2.996E7
1. 715E7 2.424E7
1.805E7 1.454E7
1.802E7 5.221E¢6
1.618E7 -2.359E6
2, 082E7 -9,.837E6
1.834E7 -1.292E7
1.576E7 -1.361E7
1.687E7 -1.620E7
1.830E7 -1.830E7
1.538E7 -1.504E7
1.513E7 -1,266E7
1. 203E7 -4,982E6
7.407E6 5.394E6
5.370E5 1.852E6
3.941E5 2,989E6
3.356E6 3.741E7
3.563E6 4, 793E7
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